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1. Abstract
For same UE radio capability, the octet values generated are different in E-UTRAN and NG-RAN. This is due to different enumerated value of “eutra” and “nr” RAT-type field in the respective coding. This paper analyses any potential system impacts due to this style of coding in the RACS feature and proposes a way forward. 

2. Discussion
Let us assume UE’s E-UTRA capability is “xxxxx” and NR capabilities is “yyyyy”. Further final octets received by CN both at MME and AMF is in the format of {RAT Type, UE radio capabilities of respective RAT} see [1].
In E-UTRAN (see [1]) RAT-Type::=ENUMERATED {eutra(0), utra, geran-cs, geran-ps, cdma2000-1XRTT, nr(5), eutra-nr, spare1, ...}
In NG-RAN(see [1]) RAT-Type ::= ENUMERATED {nr(0), eutra-nr, eutra(2), spare1, ...}
Thus MME will receive UE radio capability in the format:    {0,(xxxx)}{5,(yyyy)};
And AMF will receive the UE radio capability in the format:  {2,(xxxx)}{0,(yyyy)}

Observation 1: From above it can be inferred for same UE radio capabilities of the UE the octet values received by the MME and AMF are different.
Observation 2: Before introducing the RACS feature, UE Radio Capability Information is carried in Source to Target Transparent Container during Handovers (via AMF/MME). In such cases, it is the responsibility of source RAN node to encode the container according to the specification of the target. Thus target can easily understand the IE. See [2]

Based on above observations let us consider below scenario which involves IRAT handover/reselection from EUTRAN to NG-RAN (same situation can be applied in vice versa case):
1) UE registers in LTE and gets RAC-ID 1.

2) UE moves towards 5G area and handover is initiated by network.

3) As the target node supports RACS, eNb sends “transparent container” with RAC-ID 1.

4) MME sends the transparent container and the RAC-ID to AMF and the AMF in turn sends it to gNb.

5) gNb does not have UE Radio Capability Information in the local database and asks AMF to resolve the RAC-ID 1.

6) AMF requests UCMF to resolve the same.

7) UCMF returns capability in LTE format and gNb behaviour is unpredictable, and can lead to handover failure.

Observation 3: As target RAN node have no idea about the coding style of the UE radio capability when received from CN it can lead to failure in the procedure.  

3.
Proposal

Whenever UCMF is creating an entry in the database it should also include the rat type (e-utra or NG-RAN) in which the UE radio capabilities are encoded. Thus when a RAC ID is queried (from any node in the network) the combination of UE radio capabilities and rat type (in which UE radio capability is encoded) is available instead of only UE radio capabilities. It’s the responsibility of the target RAN node to convert the UE radio capabilities in the format it can understand before using it.
4
References

1) The UE radio capability information transferred to CN node.
Extract from 36.331
UE-CapabilityRAT-ContainerList ::=SEQUENCE (SIZE (0..maxRAT-Capabilities)) OF UE-CapabilityRAT-Container

UE-CapabilityRAT-Container ::= SEQUENCE {

    rat-Type                            RAT-Type,

    ueCapabilityRAT-Container           OCTET STRING

}

maxRAT-Capabilities         INTEGER ::= 8   -- Maximum number of interworking RATs (incl EUTRA)

RAT-Type ::=                        ENUMERATED {eutra, utra, geran-cs, geran-ps, cdma2000-1XRTT, nr, eutra-nr, spare1, ...}
Extract from 38.331

UE-CapabilityRAT-ContainerList ::=    SEQUENCE (SIZE (0..maxRAT-CapabilityContainers)) OF UE-CapabilityRAT-Container

UE-CapabilityRAT-Container ::=        SEQUENCE {

    rat-Type                              RAT-Type,

    ue-CapabilityRAT-Container            OCTET STRING

}

maxRAT-CapabilityContainers             INTEGER ::= 8       -- Maximum number of interworking RAT containers (incl NR and MRDC)

RAT-Type ::= ENUMERATED {nr, eutra-nr, eutra, spare1, ...}
2) Reference: Source node encodes as per the target system specification. 
38.413::9.3.1.20        Source to Target Transparent Container
This IE is used to transparently pass radio related information from the handover source to the handover target through the core network; it is produced by the source RAN node and is transmitted to the target RAN node.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Source to Target Transparent Container
	M
	 
	OCTET STRING
	This IE includes a transparent container from the source RAN node to the target RAN node.

The octets of the OCTET STRING are encoded according to the specifications of the target system.
Note: In the current version of the specification, this IE may carry either the Source NG-RAN Node to Target NG-RAN Node Transparent Container IE or the Source eNB to Target eNB Transparent Container IE as defined in TS 36.413 [16]. 
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